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1. Introduction
Downlink high-order MIMO has been discussed in many contributions as an important technology evolution to increase downlink system capacity in LTE-A. As a technology supported in LTE Rel-8, MU-MIMO provides higher spectral efficiency than SU-MIMO and is an effective measure to meet the spectral efficiency requirements in LTE-Advanced. It was shown during discussion in Release 9 that MU-MIMO can provide significant gains over SU-MIMO by MU-beamforming based on channel reciprocity [1][2]. We believe that channel reciprocity can also obtain desirable performance of MU-MIMO in Release10.
In this paper, we provide some considerations of MU-MIMO operation based on channel reciprocity. Both the feedback and performance of MU-MIMO are studied.
2. Discussion
2.1. MU-MIMO operation based on SRS
Downlink CSI from channel reciprocity

Channel reciprocity has been applied for beamforming in LTE Rel-8 and further applied in Rel-9 for SU-MIMO as well as MU-MIMO. In [4], short term and/or long term channel reciprocity was studied in both TDD system and FDD system. In Rel-8 and Rel-9, application of channel reciprocity is mostly limited for TDD system, we expect to expand its application in MU-MIMO for both TDD system and FDD system in Rel-10. With the aid of frequency band transformation [4], we can obtain downlink CSI from uplink SRS in the form of correlation matrix with small error, especially for high correlated antennas array. 
However, there are still issues to be addressed while exploiting the channel reciprocity such as calibration error or sounding error. As the same antenna scenarios are assumed in LTE-A as in LTE, there will not be additional antenna calibration error in eNB compared to the one in LTE. The impact of sounding estimation error and sounding delay on channel correlation matrix is insignificant since the correlation of channel is insensitive to Gaussian noise and CSI delay. In scenarios where non-ideal issues are serious, for example, there is considerable error or mismatch of TX antennas number and Rx antennas number in UE, reciprocal statistical CSI instead of instantaneous/narrowband CSI can be exploited. Furthermore, even when there is only partial CSI in uplink, it is enough to support low-rank transmission which is the primary scenarios of MU-MIMO.
Reciprocity is not the only way to get downlink CSI in eNB, and other feedback schemes such as explicit CSI feedback can also be considered. However, considering the feedback overhead and quantization complexity, enhanced CSI feedback needs more study whether it can provide significant performance gain [3].
UE Scheduling 
The primary user in each subband is selected according to frequency selective PF scheduling, in this case, both the channel quality and Qos of scheduled UEs can be considered and subband-based feedback of CQI will be necessary. In the following discussion, only multiplexing of two users is assumed for simplicity, while multiplexing more users is also allowed in practice.
The scheduler chooses the users with the maximal multiplexing capacity, for example, the SINR of two multiplexed users with downlink channel matrix H1 and H2, downlink channel correlation matrix R1 and R2, precoding matrix W1 and W2, CQI feedback 
[image: image1.wmf]1

,

UE

SINR

 and 
[image: image2.wmf]2

,

UE

SINR

 can be expressed as:

[image: image3.wmf]2

3

,

2

,

1

i

i

i

UE

i

i

i

UE

i

w

H

SINR

w

H

SINR

SINR

-

+

=

   or 
[image: image4.wmf]|

|

1

|

|

3

3

,

,

i

i

H

i

i

UE

i

i

H

i

i

UE

i

w

R

w

SINR

w

R

w

SINR

SINR

-

-

+

=

, i=1, 2   (1)
So the sum-capacity will be:
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In principle, different rank transmission as well as rank adaptation of multiplexed users should also be considered in MU-scheduling, for example, according to capacity calculation process introduced above. Multi-layer transmission should be allowed if it can provide higher capacity than single rank transmission. Similarly, robust performance can be obtained by dynamic switching between SU-MIMO and MU-MIMO in Rel-10.
As UE has no information about precoding process, the CQI fed back from UE should be adjusted in eNB according to actual precoding gain to decide MCS of each user. The specific algorithm lies on how the CQI is estimated in UE. For example, if only noise and interference information are informed by CQI feedback, the effective CQI can be estimated by equation (1).
Precoding 
The precoding matrix for each user can also be calculated based on CSI obtained on SRS. MU interference nulling arithmetic such as ZF/MMSE/BD/SLNR can be implemented based on channel eigenvectors or channel correlation matrix on each subband. For better support of dynamic switching between SU-MIMO and MU-MIMO, it’s reasonable to reuse the orthogonal DMRS in SU-MIMO transmission.
With CSI from obtained SRS, eNB allows for more flexible scheduling granularity as well as precoding granularity to provide more frequency selective gain over codebook based MU-MIMO which is limited to feedback granularity.
2.2. Feedback consideration
While discussing feedback mode, it should be kept in mind that a feedback mode allowing for dynamic switching between transmission modes in a UE transparent way is more attractive.
In LTE Rel-9, both TXD based and PMI based CQI feedback modes are supported for MU beamforming for both TDD system and FDD system [6]. Since no PMI feedback is needed for SRS based MU transmission, the CQI feedback could also be no PMI based. Similar to SRS based MU-beamforming in Rel-9, the information about precoding and link adaptation, which relies on the information from multiple UEs, is not available in UE, the UE does not have enough information to calculate and feed back rank information and CQI information for link adaptation to eNB. In this condition, RI feedback is not needed, and UE should provide certain downlink-only information, which can only be obtained from downlink channel but unavailable at eNB, by CQI feedback to ensure accurate UE scheduling, rank adaptation and link adaptation in eNB.
As an expansion to channel reciprocity based MU beamforming, SRS based MU-MIMO in Rel-10 can reuse the TXD based CQI feedback in Rel-9. However, considering the new MU-MIMO application scenarios in LTE-A, such as 2tx and 4tx scenarios, other CQI feedback mode can also be considered with open options, for example, SINR based CQI feedback:
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In general, we should make sure that the CQI feedback can be reused for SRS based SU-MIMO transmission to support mode switching. 
2.3. Simulation results
We provide some simulation results here to study the performance of SRS based MU-MIMO.
CQI estimation
Figure 1 shows the results of non-ideal CQI estimation. For non-ideal CQI estimation, the CQI is fed back from UE based on SINR in equation (3) and adjusted in eNB according to equation (1), with little error compared to ideal CQI, which is calculated based on downlink orthogonal DMRS.
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Figure 1: Performance non-ideal CQI feedback 

Link level simulation
In figures 2 – 3, MU-MIMO based on SRS is compared with MU-MIMO based on PMI/CDI feedback in different scenarios. The maximal channel eigenvector is quantized by Rel-8 rank=1 codebook and fed back from each UE for PMI based feedback while the same eigenvector is obtained directly from uplink for SRS based feedback. The same ZF based non-codebook precoding is implemented for both schemes with different precoding granularity for SRS based MU in TDD system and precoding granularity of four PRBs for FDD system and PMI based MU in TDD system.
We can find in figure 2 that SRS based MU-MIMO outperforms PMI based MU-MIMO significantly in TDD system especially in medium-high SNR scenarios, and with smaller scheduling and precoding granularity, more frequency selective gain can be obtained for SRS based MU-MIMO. It can be seen in figure 3 that, even in FDD system, long term reciprocity based MU-MIMO still shows better performance over PMI based MU-MIMO. Without any feedback overhead and quantization error, more accurate UE scheduling and precoding are available in eNB for SRS based MU-MIMO to provide better performance gain.
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Figure 2: Performance of PMI based and                       Figure 3: Performance of PMI based and

SRS based MU-MIMO for TDD system                       SRS based MU-MIMO for FDD system
System level simulation

The system simulation results are shown in Table1 under the assumptions in Table 3. SRS based MU-MIMO still shows advantage over PMI based MU-MIMO in both TDD and FDD system.
Table1 performance of PMI based MU and SRS based MU
	Mode
	Cell average spectrum efficiency (bits/s/Hz) 
	Gain

	PMI based SU/MU 
	2.85
	0%

	SRS based SU/MU in TDD
	3.362
	18%

	SRS based SU/MU in FDD
	3.023
	6%


3. Summary
In this contribution, some issues are discussed to support efficient MU-MIMO operation based on channel reciprocity in Rel-10. We expect that MU-MIMO can provide significant gains over SU-MIMO in Rel-10 and the feedback mode for MU-MIMO can also be reused that of SU-MIMO. Based on the discussion and simulation results, we summarize for SRS based MU in Rel-10 that:
· Short term reciprocity for TDD system and long term reciprocity for FDD system can be justified, especially in high correlated antennas array.
· SRS based MU-MIMO can provide significant gain over codebook based MU-MIMO in TDD systems and at least comparable performance in FDD systems with high correlative antenna array.
· Rank adaptation and dynamic switching between SU-MIMO and MU-MIMO should be supported.
· RI is decided in eNB and no RI/PMI feedback is needed.
· TXD based CQI feedback can be reused as baseline, while enhanced methods are FFS
· Transparent feedback and dynamic transmit mode switching is possible based on channel reciprocity.
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5. Appendix-Simulation parameters
Table2: Link level simulation parameters
	Parameter

	Assumption

	Antenna configuration
	4x2（ULA）

	Distance of UE antennae
	0.5 lambda

	Distance of eNB antennae
	0.5 lambda

	Bandwidth
	5M

	Channel estimation
	Perfect

	CQI estimation
	Perfect

	CSI from uplink
	Instantaneous CSI for TDD system

Statistical CSI in 2s for FDD system

	Duplex scheme
	TDD and FDD with 100M frequency distance between uplink and downlink

	Channel model
	SCM-UrbanMacro

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ&AMC
	Yes

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	User number
	2

	Scheduled resource block
	6 RB

	Precoding granularity 
	1RB for non-codebook feedback in TDD system; 
4RBs for other scenarios

	Pilot overhead 
	CDM based 2 ports DMRS and 4 ports CRS

	PDCCH overhead
	2 OFDM symbols

	UE mobile speed
	3km/h


Table3: System level simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Total eNB TX power 
	46dBm – 10MHz carrier

	eNB antenna gain plus cable loss
	14 dBi 

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=I+37.6log10(.R), R in kilometers, I=128.1 for 2GHz

	Minimum distance between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell

	Penetration Loss  
	20dB

	Channel model
	UrbanMacro 15 

	UE speeds of interest
	3km/h

	Number of antenna elements (eNB, UE)
	(4, 2)

	Antenna separation (eNB, UE) 
	(0.5λ, 0.5λ)

	Duplex scheme
	TDD and
  FDD with 100M frequency distance between uplink and downlink

	Overhead 
	3 OSs DL control/ 4 CRS ports/ 12 REs DRS per PRB

	Scheduler
	Proportional fair and frequency selective scheduling

	Sounding
	5ms delay

Instantaneous CSI for TDD system

Statistical CSI in 2s for FDD system

	CQI estimation
	Ideal

	Channel estimation
	Ideal 

	PMI Feedback
	Subband (4 RB) Feedback

Reporting period: 5 ms 

	MCS
	Refer to 36.213

	Receiver
	MMSE

	Precoding granularity
	1RB for non-codebook feedback in TDD system; 

4RBs for other scenarios
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